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ABSTRACT

Military communication systems are designed to convey information
from its point of origin as human thought through its dissemination to
the points of action, Current equipment develiopment programs should aim
at an optimum relationship between humans and automatiz equipment.
Consequently, determination of the factors assoclated with the inter-
relationship of people, communication methods, and osrganizational concepts
must constitute a fundamental eiement of system analysis ard design,
This paper deals with the methodology, execution, and results of an
empirical program for assessing the effectiveness of the numar and
organizational elements in m..i-ary ommunization newarks in terms of
a trade off between the control of error and t'e delay involved in error
control, As all information ‘o be transmitited by %he sysiem is not
inherently require equal freedom from error and de.ay. an information
characterization scheme is introduced., Informatii:: 1s :hara:ierized in
terms of its (a) urgency, (b) importance. and (o} poliicy status. The
operating characteristics of the various system eiemsr s in terms of
error and delay are then measured aid examined in t2rms uf homogeneous
groupings of the information charasieristics. Probiems urvyived in the
execution of the data ccilection program in operating Army headquarters
are considered and a number of instruments for rcute tracing and delay
and error measurement are discussed. Seiected resu.ts ave presented and

their implications for the design of new systems die;ussedo/\
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PEOPLE, ORGANIZATIONS AND COMMUNICATI ons*

The change in the time scale of modern war and the sonsiderable
extension of our worldwide military commitments has resuited in an
extension of, and altered requirements for, :ommunication fazilities,
During the past decade, progress in the ele:trconi: teshnology of
communication systems has been impressive, In fact, technological
development has progressed t. the point at whizh <he technl:ai problems
no longer impose the major iimitations upon the system. Indeed; there
is at present a lack of balance in our communications engineering know=
ledge, for the greatest delays and the most serlous errors are due, not
to the shortcomings »f the ea.ipmer.t. but 1o the failibility of the user,
man, It is necessary, therefore, that those responsibie for military
communications become increasingly concermed with the interface between
mar. and his communication equipment, so that they may :ontinue to pro-
vide fast, accurate, and eccnomi:al. commni:ations service, The ccmmuni-
cator, then, must be concerned witn properly mat:ohing men. organizations,
and equipment to the commuricatior, needs <f the milita~y, Si-h matching
is dependent upon an understand.ng <f 1ne fursamenia. spera‘ing character-
istics, naot valy of the sommuni:ations equipmear ised .r :-n'empiated,

but also of the human and organizatlcna. system e.emen's,

*The research described in this paper was conduc ied uhder Department of
Army Contract DA-36+039-5C78332 administered by the Army Communication
Systems Division, Office of the Chief Signa. Offi:er.



To meet this need; the Army Communicaticr Systems Division, Office
of the Chief Signal Officer, contracted with the Frankiin Institute to
undertake an Operations Research Study of Army Headquarters Communications,
The basic objective of this study is the determination of the fundamental
principles of the in‘errelationship of people, orgarizations; and commni-
cations. This paper will present a brief report on the development of
our approach to this problem and some of 2ur results,

We may begin by considering the Army command and control network
whose nodes are the major Headquarters, ranging from Department of the
Army down to, and including, the fisld Armies, In recent years, a great
deal of emphasis has been pla:ea <r -he devel.:pmert of direct iines between
these ma jor commands, with tne “ermihating instiriments placed in actual
direct physical proximity to the commanders., This type of service is,
of course, important,; in that it facilitates dire-t persunal ccntact
between commanders, It is, however, addressed tz but a small portion of
the total problem, since miiitary operations canno: be sonducted by
cormanders alone but require an extensive supporting stwaff funztion,

The typical military communication crigirnates as a thought in the
mind of a staff officer, whom we refer to as ai A:tion Officer (AO), which
he wishes to transfer t: his oppcrsite riumber at another headquarters. It
terminates when it is received and understoud by the destination Action
Officer. The basic system elements in this prozess are indi:ated in
Figure 1, The first element is semantic prc-essing, in this case encoding -

the conversion of thought to langnage, 1h= nex! e,=ment 1s -.crdination -
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the processing of the communication in an essentially lateral fashion
for concurrence and information of other interested staff sections,
The third element is review and release -~ the approval of the commni-
cation by the Action Officer's superiors, in some cases up to the
commander himself. The next element we term staff communications control -
the processing of the communication by organizational segments specifically
charged with communications control, such as a staff message control
section. Finally, we reach the inter-headquarters transmission element,
traditionally the domain of the cammunicator, but actually only a small
part of the total communication process, When the communication arrives
at the destination headquarters, 1t must traverse the entire sequence
of elements, essentially in reverse, untii 1t terminates as thought in
the mind of the destination Action Officer, The true terminals of the
communication network are, then, the hundreds of individual Action Officers
in each headquarters, The communications whizh they exchange are routed
via such media as electrical message, mail, telephcrie, TELECON, and even
face-to-face conversation and conference, The :ammunications themselves
range from official record command ccmmunications to informali questions
and exchanges of information and ideas, with the la‘ter two generally
required to support and expand the official traffic,

Our general approach to the problem was closely akin to the methods
engineering approach of the industrial engineer, We first defined the
elements which constitute the family of communicaticn systems (in this

process, we endeavored to consider all possitle elements for use through

-3 -



the 1965=75 time frame, and we were not limited by current availability

of hardware). Armed with an array of possible system elements, we
developed measures for quality of performance for each element, measures
which can be used as guidelines for the development of future communi-
cation systems, Our primary objective was to furnish the system designer
with the operating characteristics of his human and organizational elements
in much the same manner as he is furnished with electrical component
characteristics,

Our course, then, was the development of a series of Operating
Characteristics to enable us to test the effectiveness of a given
communication system or its individual elements, As a starting point,
we have defined the overall system objective as "the transmission of
information from source to destination®", as depicted in Figure 2. The
word "information" is used in the non-technical sense, i.,e.,, commands,
ideas, questions, etc,

Two criteria measurements are appropriate to evaluate the extent

to which a system meets its overall objective, These are delay and error.

We define delay as:

T =D

destination ~ Tsource
where T = Time

D = Delay
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We define error in like manner as:

Tdestination ~ Tsource = F

where I = Information
E = Error .

An idealized communication system would cperate with zero error
and zero delay; that is to say, the identical information would be
simltaneously available at bcth source and destination., In the real
world, all commnications systems are subject tc¢ disturbances and a per-
fect system is not physically realizable. Thus, ail real systems exhibit
both delay and error and our desig: .pje:tive mast be dire:ted toward
minimizing these fa-tors ~mmsistan’ witn “he systems' :ontempiated use
and cost allocation,

In the military communication system. we ...tz tha*, despite the
formal address and signature. s.urce and destuiation are in fa:tt,individual
Action Officers. Delay can then be expressed. a- .=ast conceptually, in
terms of:

T T =D

Destination AO thought Seurie Au thought
i.e,, time from thought to thuugh:i.

The expression of errur 1s sumawhat mere .ump.ex. We must recall
that neither Source nor Destinatlon A.:tien Ufficers are operating as
individuals but rather as compunents of that ~ump.eX entity we term a
military staff, and that in exchanguig .. mmuii aiions (ney are actually

acting for their respective commanders, This srggests the extension of



the error criterion into a three part sub-system as the basis for more
meaningful measurements of error as indicated in Figure 3,

Consider a number of stages in the communication of a "chunk" of
information from Source to Destination Action Officer., Let us begin
with the middle block on the left, representing the thought of the Source
Action Officer. This consists of some information which he wishes to con-
vey to an Action Officer in a distant headquarters. He must process this
into either spoken or written language, e.g., a letter; an electrical
message form, a telephone conversation, We indicate this as the Action
Officer output block. This output is transmitted to the destination
headquarters and arrives at the Destination Action Officer as a physical
input, e.g., a letter, a teletype printoutr, a telephone conversation,
This physical input is then converted by the Destination Action Officer
into Action Officer thought.

The first segment of the total error we term EA (Error of Accuracy).
This is a measurement of the congruence beiween the Suource Action Officer's
output and the Destination Action Officerts input. Errors of vhis type
tend to be relatively infrequent, and are of ten conirolilable by simple
means; for example, in the U. S. Army-operated network, numbers and
unusual or unexpected words are usuaily transmitted twice, Indeed, for
certain communications systems, such as the U, S. mail, where the output
and input are the same piece of paper, EA is virtually zero, It is, how-
aver, not unknown to have zero EA (Error of Accuracy), yet almost complete

lack of congruence between source and destination thought. In such cases,

-6 -
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the semantic decoding and encoding elements - that is, the conversion of
thought to language and vice versa - were not functioning effectively.
In other words, the writer had difficulty expressing himself or the
reader had difficulty understanding the writer's language, We term
this EU (Error of Understanding) and suggest that errors of this type
are of considerable importance in military communications,

The third and last segment of total error is termed Eg (Error of
Correctness) and is indicated on either end of the figure., Recalling
that the Action Officer is in fact representing his commander, it is
essential that there be congruence between the Action Officer's thought
and the commander's position on the matter in question,

In somewhat broader terms, the communication must be as substantively
correct as would be the case if the commander himself were writing the
communication with the advice of his staff, Indeed, most of the internal
processing of military communications is designed to reduce EC (Error of
Correctness), Thus, an outgoing communication is passed up the head-
quarters command structure for review and release in order to secure the
approval of persons "closer®" to the commander, as it were. In like manner,
it may be passed laterally - "coordinated” = tu secure approval of persons
who represent the commander on related aspects of the problem,

Certain general observations on the possible interrelationships of
our two principal criteria are now appropriate, Delay and Error are both
related to a third system parameter - cost, which is of necessity a major

factor in optimization of overall system design. It is possible to reduce
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delay by increasing cost; (for example, by substituting a pneumatic
tube system for a twice daily message service), or reduce errors caused
by transmission garbles with improved and usually more costly transmission
equipment, Within a given fixed cost system, it is often possible to
trade off delay for error and vice versa, For example, it would be
possible to transmit all messages twice to reduce error but at the
price of increased delay, Similarly, internal headquarters administrative
processing could be eliminated (i.e., allow each Action Officer to release
his messages directly to the electrical network); this would reduce delay
but might lead to increased error, in particular EC (Error of Correctness),
This trade off between error and delay offers an attractive approach
toward the analysis of the administrative aspects of military communication
systems, Thus, commnication system elements, be they coordination,
review, release, or staff message control, are justified to the extent
that the delay they impose is accompanied by a significant reduction in
error, whether of accuracy, understanding, or correctness, In effect,
then, we must determine an optimum or near optimum point on the Error,
Delay Trade-Off Curve (Figure L). Here we suggest that as the number of
elements increases - particularly administrative processing elements -
error is reduced and delay is increased, However, there exists a point
beyond which the increase of administrative elements tends to increase
error as well. This hypothesized upturn in error is indicated by the

dotted portion of the curve,
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If all information transmitted by the communication system were
homogeneous, our criteria would be adequate for system analysis, Unfor-
tunately, this is not the case. Present day military communication
systems handle traffic ranging from minor administrative details, which
can tolerate extensive delay and error, to matters of extreme national
significance, where even a minor error or delay would be disastrous,
Thus, statements of Delay and Error averaged over all types of traffic
are apt to be almost meaningless, In order to assess the performance
of an element or route, we first have to specify the type of message
under consideration, Fundamentally, we wish to know the operating
characteristics of a given ruate for a specific type of message, so
that alternate routes may be properliy compared. It is necessary, then,
to develop a means for grouping like communications., We do this by
characterizing commnications in terms of three information content
characteristics, Urgency, Importance, and Policy Status. Time does not
permit me to discuss cur deveiopment of these characteristics, They
are, however, employed principaliy to secure homogeneous sets of commni-
cations for analysis,

Now that we have discussed the conceptual background of our work,
let us proceed to a consideration of the measurement program itself.
Data collection in an operating Army Headquarters is greatly complicated
by the necessity of minimizing disturbance to the day-tc-day operating
pattern of the Headquarters. Not only is such a disturbance undesirable

from the Army's standpoint, but it may generate false results., For

Y -



example, communications may well tend to move faster when operating
personnel sense that they are under observation. Thus, the rather
popular single "test message" prominently marked "test" is inadequate
as a data collection technique, when time measures are desired. The
solution to this problem revolves about the following:

(1) Sample design

(2) Method of observation

(3) Disturbance check

Choice of adequately long sample periods permit the disturbance
caused by data collection to be measured and to damp out. Thus, obser-
vation of sequences of ten or twenty messages are, in general, better
than a like number of individual messages., Properly planned observation
schedules and techniques can also serve to reduce the potential distur-
bance by minimizing the actual intrusion, A combination of the foregoing,
coupled with a close measurement of the remaining disturbance effect, so
that appropriate compensations may be made, is a reasonable solution to
this problem,

Rather than attempt to cover in brief the many measurement techniques
we have developed and utilized for specific aspects of the problem, I
would like to review in some detail one of our most widely used tools -
the headquarters delay and error measurement program. Let us consider a
typical communication sequence as indicated in Figure 5. The inbound

communication is first processed by a control unit, say a staff message

control section, It then undergoes administrative processing within

10 -
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the staff structure of the headquarters, completing its inbound leg

when it reaches the Action Officer, After prccessing by the Action
O0fficer, the reply begins the outbound leg when it leaves his secretary's
desk, thence to administrative processing, which includes review, release,
and coordination, and finally to staff message ccntrol. We would like to
measure both inbound and outbound error and deiay on a sequence of ten
communications from a relatively large sample of Action Officers in the
headquarters, This is done in the following fashion-

Kits containing detaiied insiructions for both Action Officers and
their secretaries and ten copies of a three-part communications record
form are distributed to ail Aition Officers in the sampie. The form-sets
are numbered serially and #a:n (f <he tnree parts bears the same serial
number,

A few days before this distribution; observers are stationed at the
entry points of the headquarters (staff message contrcl and mail and dis-
tribution units) and all in:cming :cmmuni‘ations are stamped with a con-
secutive sequential number, The puint in the sequence is noted at half
hour intervals so that ‘he sequenizal number sories is, in effact, a time
stamp, For example, the numvers beiween 9252 ard $5:0 might represent the
time interval from 1300 tu 1330, The sequential number aiso Serves as an
identification number whose purpose wil. be indicated in a moment.
Parenthetically, we have found that sequentiai rumoers keyed to time

segments cause far less disturbance to the headquarters than actual time

stamps and that 1/2 hour intervals give ample time resolution. When

L1 -



the Action Officer receives the communicaticn, he uses the first part of
the three-part communications records form [Figure 6) to indicate his
time of receipt and the identifization number cf the communication., He
also indicates by a check mark his answers tc¢ a number of questions
relating to inbound error zontrosl such as: "Superior officer indicated
action that he wanted taken®, In addition, questions relative to
information copies, their use and wvaiue, are asked, as is a question
about the understandabili-y :f the w.coming comminication, 1 may note
that all communications nct iwndicated as fully understandable are
followed up by a separate questionnaire and analysis program designed to
isolate and identify the signifiiact faciors in communization understand-
ability. Each page cf th~ . .mmunizatious reccerd form 1s designed as a
mailer so that the Action Officer has merely to foid,; stapie, and place
it in his out basket fur r=tarn to tne study grcup. The entire processing
of these forms, including the accuracy <f the Action Officers! time esti-
mates, are monitored by a qua.ity sonr.. pregram and thes far we have
found an extraordinarily high :.evel «f h.th <superation and accuracy of
reporting,

At this point, we have suff...2v' ovfirmati .t v, cetermine inbound
delay and inbound err.-, p:it w1 terms .1 iuderstanding and inbound con-
trol, By subtracting the tume i re.eipt as rzp:rted by the Action
officer from the time cf =ntry inc. ‘he headquart:rs as deveioped from
the sequential numbering, we determine the inbcuna delay and, by an

analysis of the replies to the questiuns, we establish the extent and
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FIL NO.

RECEIPT FOR INCOMING COMMUNICATION

Instructions:

Fill out this Receipt as soon as you receive an incoming communication routed to you for action.
In case there 1s no incoming (you are initilating a communication), simply check this box and
disregard items 1-3 on this page.

Init1ated outgoing (no incoming) D

Please note that 1t is imperative for the success of thic program that you fill out this slip and
dispatch via vour normal "out basket" immediately upon receipt of the incoming communication.

In

1. FEnter the "In No." found stamped on the incoming communication. No. Z/{z,
2. BRecord the date and hour (1n local time). I[)ne: 10 l760 I!ine:lJ” Hours I

3. Please answer the following questions:

a. Have you received any preliminary notification that this communication was coming?
(check one or more answers):

1. No advanced notification whatsoever. D
2. Advance notice received. D

3. Superior officer 1ndicated action that he wanted taken. M

4. Request to speed up action on the outgoine comnunic.non.D

b. Is at, or would i1t be, of any help to you 1f viner staff sections had copies of this

communication at this very moment?
w & O

c. If "yes", which sectiona?

d. Do you find this communication to be written:
1. In a completely clear and understandable manner? B/
2. In a woderately clear and understandable monner? D

3. Rather unclesrly and not fully understandah!, ? D

4. Detach the Receipt For Incoming Communications, to o1 and ctagle {so that your replies wmill
be kept confidential), and drop into your outgoing mail basket.

Then attach, for later reference, the remaining pages of this form to your working file on thia
action.

FIGURE 6
FORM D.S7¢ 9.27.60 10M COMMUN/CAT/ONS RECURD FWM'PART [




nature of inbound control on error,

We may now turn to the outbound leg. The Action Officer is instructed
to retain the second and third part of the record form with his working
file on the action, When the Action Officer completes his reply, he is
asked to return the second part of the form (Figure 7) with his answers
to a series of questions about the internal headquarters contacts he
made in processing the communication, I shall not ccmment on this part
of the form at this time beyond noting that the various aspects of the
internal contact process - reasons for, volume, and media employed -
constitute an important aspect of the total communication process,

The Action Officer is then asked to turn over the third part of
the form, Figure 8, to his secretary when she 1s ready to type the out-
going message, The secretary is instructed to type an extra copy of the
outgoing communication and to indicate the form serial number (in the
example depicted, 16011) on both the headquarters file copy and the extra
copy of the communication. She 1s aiso asked to indicate the time of
typing. The form itself serves as a mailer for the extra copy, which is
immediately returned to the study group. The se:retary's adherence to
these instructions and her accuracy in recording time are aiso monitored
by a study group quality contrui team. The actual communication now goes
through the normal staffing sequence of review by supervisors, concurrence
at various levels, and formal release, If the communication 1s returned
for retyping as a result of changes tincurred durirg the staffing function,

the secretary is instructed to transfer the seriai number tu the file copy

- 13 -



CONTACT SUMMARY SHEET

16011

FIL NO.

You may wish to jot down a description of the i1ncoming communication as a convenlence to you in case
this sheet should becone separated from your working file on this communication.

Instructions:

1. o the drattane of thas communication sou may have to contact other persons within this head-

. ey veibrerai wand
quarters by tolephone, tace-to-face, or written DF or memo. Would vou please indicate the total
nunber of such contacts tor each of the tollowing categories:

(Extra space s provided an case vou wish to keep a running tally.)
a) obtainmiog needed intoreation, anstructions, suggestions, or l jp T
clanitications, - - |
b)Y providine other persons with anformation toe
"intormed”.
) SOLELY tor the purpose of tacihitatang or accelerating the
obtorming of torral conturionee, approval s oor release. /
20 Would vou kinddy appresy e 0w rany of these contacts were rade by
Tc-l--‘-)-un.-| 2 I Face to Tace o1 conference / Written memo or Db /
3. IMd any ot these (ontacts tesuit an o substantive chamee an the outeoing communication? Yrs D
oo, eive o bt descrittaoon of each chanpe. and the position and oftice swnbol of
the percont<) whe cuprer <ved the Change
4. How many additional contact< do vou antacapate rakiny durine the period the communication
s bewne formalls processed tor release s (1 none. woite "None”™ ‘@
5. Wikl vou or vour secretary hand canis while 1t s beang processed tor release?

[Vnn ation
Necretar

WMhen you have completed vour draft of the outeoing « ommunic ation
contacts, complete and detach this Contact Summary Sheet
be kept confrdential), and drop 1n vour outpoing marl bashet.

o [

You Nor

v [ 3

v o

and have finmished mahing all vear

fold over and staple (<0 sour rephies wall

Then hand the neat pape tSwecretary Transfer Ship) to your secretary along with vour draft ot the

outgOINg commInication

FIGURE 7

COMMUNICATIONS RECORD FORM -PART 2

PORM D.877 &.27 A0 10M



16011
L FIL NO.

SECRETARY TRANSFER SLIP

Instructions:

1. Please prepare an EXTRA carbon copy, on plain white tissue, of this cutgoing
communication. Do not, however, make EXTRA copies of preliminary working
drafts. Include on the EXTRA Copy all the information which appears on the
official Record File Copy such as Memos for Records, names of concurring and
approving officers, etc.

2. The FIL No. appearing above at the right must be typed on both the official
Record File Copy and the EXTRA Copy. Please type it in the upper right hand
corner of both.

3. If the communication has more than one page, please repeat the FIL No. on
each page.

4. As soon as you have finished typing the communication, please enter the date
and local time in this space.

Date: /10 3l /60 Time: /%30 hours

5. Fold the EXTRA Copy(s) inside this Slip (which serves as a mailer), staple and
drop in your outgoing basket. It is vital for the success of this program that
you do this immediately upon completing the typing. Do not wait for review,
concurr~nce, or release of the actual communication,

6. If, during review and release, the communication is returned to vou for retyping,
please make absolutely certain that you transfer the FIL No. from the original
Record File Copy to the revised Record File Copy. However, it is not necesaary
to type an EXTRA Copy of the revised communication.

Before stapling, please make certain that-

-The FIL. No. appears on both the EXTRA Copv and the BRecord File Copy.
-The date and time is entered on this form (No. 4 above),

Also make certain that the FIL No. appears on the Record File Copy of any
revisions,

FIGURE &
COMMUNICATIONS RECORD FORM - PART 3

ro®/m D-9784 9.217.60 10M




of the revision, Our observers now monitor all outgoing ¢communications
at the exit point of the headquarters and time stamp and make a repro-
duction of all communications bearing our serial number,

We can now measure outbound delay by subtracting the exit time from
the secretary's initial completion time, By comparing the extra copy
from the first typing with the copy which actually left the headquarters -
we use transparency illuminators and actualiy match both sheets - we can
detect any change introduced by the outbound administrative processing.
This change is, of course, a direct measure of defacto errcr,

For example, Figure 9 shows a pair of outgoing communications., The one
on the top is the extra copy of the first typing and the one cn the
bottom is the message as it actually left the headquarters., The notations
on the margin enable us to reconstruct the path of review, release, and
concurrence,

In this particular case, the communication was changed as shown by
the circled areas, In order to evaluate the changes, we have developed
a mlti-dimensional coding system which enables us to rate both the
nature of the change (i.e., whether the change invoived ve-writing a
sentence, correcting spelling or punctuation, etc.) and also the importance
of the change, Using this coding system, we classified the changes indi-
cated by a "1" in parenthesis under the heading of "Trivia™ and changes
2 and 3 as "Re-write words and phrases", Along the dimension of
Importance all three changes were given a rating which indicates "No

improvement in the communication". (In other words, these changes were

-1 -
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judged to have no practical effect upon the correctness or understand-
ability of this commnication.)

We wished to supplement our interpretation with the viewpoint of
the person who actually authorized each change. Accordingly, we sent
questionnaire follow-ups to all such persons, asking them why they felt
the changes were necessary and asking them whether the changs was
wEssential® or "Not essential but desirable®, iIncidentalliy, the per-
son who made the changes in the sample communication <onsidered them
"Not essential but desirable".)

In summary, then, the measurement program I have just described
enabled us to determine delay and error for iarge numbers of real
communications in operating headquarters., This data must, of course,
be supplemented by numerous other investigative efforts.

I might mention, in passing, three coordinate prcgrams designed to
round out the one just described, First was a series of experiments or
simulations introduced to prcvide mere adequate rontro. cf scme of the
more important variables, Second was a criticai incident te:hnique
designed to uncover the rare, but significant o:curren:e., Third was a
questionnaire program which studied opinions and attitudes as they rela‘e
to the whole problem of communications,

Time permits me only tc highlight some of the resuits of oar data
collection efforts, Figure 10 depicts a cumuiative distribaticn of

inbound delays measured in working days. The median 1is a.most a day and

a half and an appreciable number - approximately five per cent ~ are still
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undelivered at the end of five working days., Figure 11 shows a similar

plot for outbound delays. Here the median is two working days and a

substantial number - some twelve per cent - remain undispatched five

days after they are typed. Delay as a function of the hierarchical

level of the releasing officer, the staff officer himse.f considered as

level 1, branch chief as ievel 2, and so on, is depicted in Figure .2,

Correspondence and e.ecwrical messages appear to fclicw ths same general

trend, The relative fiatness of the curve between levels 2z and U4 1s

somewhat surprising and is perhaps indicative cf the fact that delay

is primarily a function of the total review process rather than simpiy

of the number of administrative levels which review the cmmanication,

In other words, all communi.ations which are reviewed. fo.iow the same

general physical route of successive message centers and, in effect,

leave the individuai staff section at the highest .evel. Communi:ations

which are released at level 5 . the :ommand level - are, however. subjected

to extraordinarily detaiied examination, thereby extendi.g de.ay. Un the

other hand, communications released at levei . -~ the staff .fri.er himself ..

are frequently taken directiy to the communi:atica v:nter by nis se.retary.
Turning to the «other side of *the coin, we sha '. exam.ne the degree

of change, the defactc reduction of arror which this delay L.ys, Figure

13 shows the :verall incidence f -hange as detected by .ur :.mparison

of the secretary's first :cpy with the ccpy whict ar tuail.y .aft vhe head-

quarters. We note that only 7.6 per cent «f th: ommialiali.us are

changed in any degree and that only 3.4 per cen! are (hasg=d in au
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essential fashion, Incidentally, judgments as to essentiality of change
were made by the person who actually made the change. Earlier, I men-
tioned that we were also interested in the individual's perceptions of
the system as opposed to our observations., In this context, we found,
from the answers to various questionnaire instruments, chiefs reported
that they made changes in about 4 per cent of the communications they
handled but both chiefs and staff officers felt that army-wide changes
amounted to at least 2 per cent, These figures are not surprising
when compared with the 7.6 per cent observed change, Individuals, no
doubt, tend to underestimate their own contributions to what they con-
sider to be an invidious situation and, in general, exaggerate the
severity of the situation itself.

Figure 1l depicts the per cent change by level of releasing officer,
which is a rough indication of the number of persons who reviewed the
communication. The increasing gap between the curves for "essential
change" and "change" is of great interest. We interpret it as indicating
that the absolute number of changes, as differentiated from essential
change, is essentialiy a function of the number of persons processing
the communication - that change is simply related to a very human
tendency to attempt to improve upon the output of subordinates,

Time requirements prohibit a full discussion of our complete re-
sults, I have selected but a few of our mcre significant findings as
illustrations of the type of data it is possible to obtain utiliizing

this methodology,
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Such data will eventually lead to the development of a body of
comprehensive knowledge on the functioning of communication system
elements for use by the system designer, For example, the advanced
commnication equipments conceived in the U, S. Army program for a
Universal Integrated Commnications System (UNICOM) would make it
possible to provide direct "branch chief to branch chief" teletypewriter
facilities, Would it be desirable, then, to allow each branch chief to
release electrical messages directly to the network? Using element
operating characteristic data, it is possible to make this decision
by quantitatively assessing both the reduction in delay and the possible
increase in error this would entail, System design decisions can thus
be based on engineering-type data for both man and machine, thus leading
to a truly effective matching of man, organization and communication

equipment for optimum system performance,
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